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Abstract 
An empirical model was developed to investigate the long-debated relationship between industrial wastewater and 
economic development. Special attention was directly towards the connection between pollution characteristics 
(including generation, abatement, and discharge of industrial waste water) and rate of economic advancement. The 
relationship between industrial wastewater characteristics and gross domestic product (GDP) was examined using 
regression analysis by observed data in China from 1985 to 2006. The results show that the distribution of the 
observed data is in high accordance with that of the data calculated from the model. The relationships between GDP 
with industrial wastewater generation (IWWG), abatement rate (TR) and industrial wastewater discharge (IWWD), 
and demonstrate V-shaped, double connected inverse S-shaped, and reduced curves, respectively. IWWD conforms 
to the Environmental Kuznets Curve (EKC) at the situation of the rising left leg of the unobserved curve. 
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1. Introduction  
The world economy has enjoyed continued growth since World War II, and global environmental 
quality has suffered constant degradation over the same period. The negative effects of economic 
expansion on the environment lie in both facts that sustained production growth requires continuous 
resource usage, leading to resource depletion, and that consumption expansion gives rise to increasing 
pollutant output [1]. Recently, numerous studies have focused on investigating environmental quality’s 
nexus to economic levels. Grossman and Kreuger formulated an empirical inverse U-shaped curve, 
namely Environmental Kuznets Curve (EKC), which assumes that environmental quality may deteriorate 
when income is at a relatively low level, or improve as income levels rise. Many other studies have 
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centered on examining this relationship and found validation for EKC [2]. Many indicators concerning 
water pollution have been found relative to EKC, including pollutant concentration, total pollutant 
discharge, and pollutant discharge from industries [3].  
In China, as failing to control the water pollution, water supply and quality are fundamental issues 
standing for farmland and the food crisis [4]. Not only are per capita water resources limited [5] and the 
spatial distribution of water resources extremely uneven, there is also significant waste of water. Growing 
municipal and industrial waste discharges, coupled with limited wastewater abatement capacity, are the 
principal drivers of water pollution. About two-thirds of the total waste discharge into rivers, lakes and 
the sea derives from industry, and about 80% of that is untreated [6]. Most of the untreated discharge 
comes from rural industries. As a result, water pollution is a serious problem wherever there are rural 
industries. Over 80% of China’s rivers have some degree of contamination. 2002 State of the 
Environment Report of China shows that 70% of the 741 river sections monitored were unfit for human 
contact (pollutions levels at or above Grade IV standard). Environmental problems especially wastewater 
have become a central issue in China [7]. 
Therefore, it is meaningful to investigate the relationship between industrial wastewater generation 
and economic progress. The relationship between industrial wastewater (contains industrial wastewater 
generation, abatement and discharge) and GDP was investigated in this study. 
2. Model developments 
In order to analyze industrial wastewater, three variables, industrial wastewater generation (IWWG), 
industrial wastewater abatement (IWWA), and industrial wastewater discharge (IWWD), are introduced. 
2.1 industrial wastewater Generation 
Environmental management mainly centers on the amount of IWWD because IWWD is the only factor 
that can affect environmental quality. IWWG quantitatively equals the total amount of wastewater 
produced in the industrial process. In a given economy, the factors that determine the amount and 
composition of industrial pollutants may both be the composition and scale of the industry. Thus, IWWG 
is divided into two parts in the analysis: (1) compulsory generated industrial pollution (CGIP), which is 
the amount of wastewater that must be produced to sustain a country’s fixed composition of the industry; 
and (2) optional generated industrial pollution (OGIP), which is the amount of wastewater that may be 
produced to keep a given industrial scale. Given these, Equation (1) is introduced: 
IWWG= (IGDP/GDP) ×K1+ B1×IGDP                                                                                             (1) 
Where GDP and IGDP respectively denote gross domestic product and industrial gross domestic 
product, K1 is the parameter of CGIP (K1>0). B1 is the parameter of OGIP, which equals the amount of 
OGIP per IGDP. (IGDP/GDP)×K1 equals the amount of CGIP, and B1×IGDP equals the amount of 
OGIP. IWWG is a dependent variable, and GDP is an independent variable. 
The modified form is Equation (2), which is as follows:  
IWWG/IGDP=K1/GDP+B1                                                                                                                 (2) 
Where IWWG/IGDP is treated as a dependent variable which denotes the industrial wastewater 
generated per IGDP.  
Equation (3) is the differential form of Equation (1): 
IWWG’IGDP= K1/GDP+B1                                                                                                                                                                               (3) 
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In Equation (3), IWWG’IGDP is the partial derivative of IWWG to IGDP. We can conclude that K1 and 
B1 remain constant when the technique level and industrial composition remain unchanged or reflect 
negligible change [8]. As GDP grows, IWWG’IGDP transforms from rapid to slow. IWWG’IGDP almost 
equals to B1 after GDP grows to 100 000 thousand million RMB (Chinese monetary unit as dollar in 
USA). 
2.2 Abated and discharged industrial wastewater 
To improve environmental quality, wastewater abatement is one of the major methods of reducing 
discharged pollutants. To determine the efficiency of wastewater abatement systems, in this work, the 
IWWA is mentioned whose quality conforms to the discharge required. To quantify the wastewater 
abatement system and analyze IWWA, a variable, abatement rate (TR) is introduced. TR will generally 
increase with economic development and technological innovation [9]. In this paper, there are three 
tendencies for TR: (1) TR increases slowly or even decreases as GDP grows, (2) TR increases rapidly as 
GDP grows, and (3) TR reaches its maximum. Equation (4) is introduced to express the three changing 
tendencies of TR, 
TR =K2/ (1+exp (b× (a-(GDP-AGDP)/δ2))) +C                                                                                 (4) 
Where C stands for TR when the income level is in the lower stage (see Section 3.3), K2 is the 
maximum value of TR under the current technological level (K2 >0), a is the changed point of the rate of 
growth of TR, AGDP is the mean value of GDP, δ2 is the standard deviation of GDP, a and b is the 
coefficient of correction. Hence, IWWA and IWWD can be respectively expressed by Equation (5), and (6). 
IWWA=IWWG×TR                                                                                                                              (5)  
IWWD=IWWG× (1-TR)                                                                                                                     (6) 
 IWWD equals the difference between IWWG and IWWA. According to the definition of IWWD, 
IWWD was determined by both IWWG and IWWA or TR. 
3. Results 
3.1 Data description 
We use the time-series data, which was obtained from the 1985 to 2006 statistical yearbook of the 
National Bureau of Statistics of China, to test the equations above and examine the relationship between 
industrial wastewater and economic development. The economic variables, including GDP and IGDP, are 
categorized as time-series data. The environmental parameters on industrial wastewater, including IWWG, 
IWWA, and IWWD, are also time-series data. Calculated variables, including IWWG/IGDP, TR, and 
(IWWA/IWWG), are obtained indirectly. The nature of time-series data has been suggested to have a 
profound impact on modeling work, and the analysis of time-series data can provide many new insights as 
well as policy advice [10]. We focus only on a country-specific case study as it is more promising for 
finding specific implications. 
3.2 Regression analysis on IWWG 
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Table 1  IWWG/IGDP regression analysis  
Equation (2) Stage 1 Stage 2 
K1  7175994 4489737 
t(K1) 88.16  1115.01  
Confidence interval (K1) ［7005177 7346810］ [3899973 5079501］ 
B1 -0.3414 0.059 
t(B1) 5.48  69.30  
Confidence interval (B1) ［-0.4321 -0.2507］ [0.0175 0.1005］ 
R2 0.9982 0.9911 
F 8118.48 446.75 
Table 1 show that there are two main periods for the observed IWWG. The first period is from 1985 
to 2000 when the parameter of CGIP is 71759.94 million tons, and that of OGIP is -0.3, 414 million tons 
per thousand million RMB. The next period is from 2000 to 2006 when the parameter of CGIP is 
44897.37 million tons, and the mean of OGIP is 0.0590 million tons per thousand million RMB. The 
significance level for K1 is 0.005 by T-test in the first period, while it is 0.025 in the second period. The 
significance level for B1 is 0.005 by T-test during the entire period studied. The confidence intervals of K1 
and B1 do not contain the point of origin. The significance level for Equation (1) is 0.005 by F-test.  
Fig.1 shows that the relationship between IWWG/IGDP and GDP demonstrates an L-shaped curve. 
IWWG/IGDP decreases with the increase in GDP in the overall pattern. However, the decreasing rate of 
IWWG/IGDP varies with the GDP. IWWG/IGDP decreases sharply when the GDP is less than 60793.7 
thousand million RMB, and decreases slowly when the GDP reaches a higher level. IWWG/IGDP finally 
closes to B1.  
 
 
 
 
 
 
 
 
 
 
 
 
Fig.1 Relationship between GDP and IWWG/GDP in China. Data 1 shows distribution of observed data; Data 2 shows equation (2) 
fitted into the data. 
3.3 Regression analysis on TR 
 The relationship between TR and GDP reveals a double inverse S-shaped curve. TR increases with 
GDP. Two different periods are found in the inverse S-shaped curve in Fig.2 TR increases from 35.00% 
in 1985 when the GDP is 9616.0 thousand million RMB to 55.00% in 1993 when the GDP is 35333.9 
thousand million RMB. However, the growth rate of TR changes from fast to slow, and then remains 
unchanged within three years. TR rapidly increases form 1995 when the GDP is 60794.0 thousand million 
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RMB to 2001 when the GDP is 109655.0 thousand million RMB. Since 2001, TR has reached close to 
90%. For the overall pattern of this curve, however, the growth rate of TR reaches a turning point from 
rapid to slow in 1999 when the GDP is 88806.0 thousand million RMB.  
 
 
 
 
 
 
 
 
 
 
 
Fig. 2 Relationship between GDP and TR in China. Data 1 shows distribution of observed data; Data 2 shows equation (4) fitted 
into the data. 
From Table 2, the TR in the lower economic level is c, which equals to 38.35%. K2 is a maximum of 
TR improved, which equals to 18.21%, so the ideal TR can only reach 56.56% in period 1 (Ideal TR refers 
to the maximum potential TR under current economic and technological level. Thus in stage 1 current 
ideal TR equals 38.35% plus 18.21%). a is -1.3448, and the GDP in the turning point of TR growth rate is 
below periodical GDP. In period 2, China began to optimize its industry structure in 1993. K2 changes to 
38.92%, and c reaches 54.78% (Average TR (C) in stage 2 should theoretically equal the ideal TR (346 
56.56%) in stage 1), which should theoretically stay at 56.56%. a is 0.6304, and the GDP in the turning 
point TR of growth rate is above the GDP. The confidence intervals of a and b do not contain the point of 
origin. Both a and b pass the T-test at the significance level of 0.005. Equation (4) passes the F-test at the 
significance level of 0.005. 
Table 2  TR regression analysis 
Equation (6) Stage 1 Stage 2 
K2 0.1821 0.3892 
a -1.3448 0.6304 
T(a) 283.5732 108.6772 
confidence interval (a)  [-2.1868  -0.5027] [0.2726  0.9881] 
b -2.5072 -2.1419 
T(b) 504.1016 352.0866 
confidence interval (b)  [-3.3904  -1.6241] [-2.5172 -1.7668] 
c 0.3835 0.5489 
R2 0.82087 0.9487 
F 41.25 166.77 
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Fig. 3 Relationship between GDP and IWWD in China. Data 1 show distribution of monitor data; Data 2 show equation (5) fitted 
into the data. 
3.4 Simulation on IWWA, TR, and IWWD 
IWWD is taken as the dependent variable to investigate its relationship with GDP. Calculated IWWG 
is obtained by applying the results of regression analysis (Table 1) to Equation (1). TR is simulated by 
applying the results of regression analysis (Table 2) to Equation (4). Simulated IWWD is computed in 
Equation (6). There is a downtrend for the relationship of IWWD and GDP, as shown in Fig.3. IWWD 
declines rapidly from 15.8699 billion tons in 1985 to 2.7326 billion tons in 2000, and IWWD declines 
slowly after 2000. Thus, the relationship between IWWD and GDP conforms to EKC at the situation of 
the rising left leg of the unobserved curve. 
4. Discussions  
 Compared with other studies, this paper focuses on a country-specific case study and analysis, 
centering on industrial wastewater. In the analysis, industrial wastewater has been studied in three aspects: 
generation, abatement, and discharge. Compared with the quadratic polynomial model widely used in the 
literature, each parameter has specific meaning in paper. IWWG/IGDP is a parameter which reflects the 
efficiency of use of resources, industry structure, and technological level. The industrial technology in 
developed countries is more advanced compared with that in developing countries. The IWWG/IGDP of 
developed countries is always lower than that of developing countries. The declined curve of 
IWWG/IGDP and GDP reflects that China has been taking on industrial structure adjustment and its 
technology innovation. The potential industrial scale determines the potential production capacity. If the 
actual industrial scale is smaller than the potential scale, the potential production capacity has not been 
fully used. Consequently, B1 is negative, and the actual generation of pollution is less than CGIP. 
Otherwise B1 is positive, and OGIP refers to the additional pollutants produced by production in excess of 
the real production capacity. The total generation of pollutants equals CGIP and OGIP. During the 
beginning of industrialization in the early 1980s, the actual production capacity was far smaller than the 
potential capacity, so B1 is negative. Following industry expansion, B1 became positive. Thus, OGIP 
declined previously and increased thereafter. OGIP influences the trend of IWWG, while CGIP 
determines the fluctuation of IWWG. Before 2000, OGIP was negative, and IWWG declined with IGDP 
increase. As OGIP became positive, IWWG grew with IGDP growth after 2000. After the industrial 
structure was optimized in 2000, CGIP declined, and the fluctuation of IWWG became smaller. The 
increase in TR illustrated that the capability of industrial pollution abatement was enhanced. China has 
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economic development and technological innovation levels similar to those of developed countries. 
During its initial stage of industrialization, investments were limited to commodity production. Pollution 
abatement activities cannot be implemented under inadequate capital and technological limitations. When 
the economy grew, enhancement of environmental requirements and environmental legislative support 
led to a sufficient capital for pollution abatement. Meanwhile, the national budget used for industrial 
pollution abatement was 18.84 billion RMB, average up by 8%, of which the amount invested in 
industrial wastewater abatement was 7.15 billion RMB. The constant decline of IWWD shows the 
achievements in abating industry wastewater degradation. IWWD displayed an instant upward tendency 
after seven years of sharp decline, which may be attributed to the steady TR between 1993 and 1995. 
Even if the IWWG increased sharply, IWWD decreased to bottom levels because of the TR remaining at a 
high level after 2000. 
5. Conclusion  
 This paper aims to examine the industrial wastewater-economy path from a different perspective. 
The relationship between the economy and industrial wastewater is affected by factors such as industrial 
scale, industrial structure, technical level, capital, and regime. This model is considered as more scientific 
and logical than the quadratic polynomial model widely used in the literature. The V-shaped is examined 
for the IWWG-GDP path empirically. The minimum, which can be viewed as a turning point, occurs at 
reasonable values. IWWG is found to bottom at a late stage of economic development (before a country 
reaches a per capita income of $15412), and then increases at high levels of GDP. TR shows a double 
connected inverted S-shape. The IWWD shows the declining right leg of the inverted U-shaped curve. 
During the first 20 years of China’s industrialization from 1985 to 2006, the relationship between 
IWWG/IGDP and IWWD conforms to EKC. Environmental quality improves as the economy grows, 
assuming that the declining left leg is not observed.  
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